Increased Ca intake by adolescents is desirable. In order to achieve this, information on the current dietary sources of Ca by this age group is essential to enable change to build on existing habits. This paper addresses two issues: first, the dietary sources of Ca for adolescents are reported and, second, the importance of fortification of flour with Ca to present-day Ca intakes was determined. In 1990 the diets of 379 children aged 12 years were assessed using the 3 d dietary diary and interview method. Computerized food tables were used to calculate the contributions of different food groups to total Ca intake. The Ca content of each food was subdivided into naturally occurring Ca and Ca from fortification, and data were analysed to give the daily intake of each. The four most important sources of Ca were milk (25%), beverages (12%), puddings (10%) and bread (9%). Fortification of flour accounted for 13% of total Ca intake. When the contribution of fortification was removed, the proportion of snbjects with intakes of Ca below the lower reference nutrient intake (Department of Health, 1991) increased more than fourfold, to 10% of girls and 12 YO of boys. Milk is contributing less to Ca intake than in the past and increased consumption should be encouraged. Ca fortification of flour remains an important source of Ca. Therefore, unless dietary habits are modified to ensure adequate Ca from other sources, increased consumption of unfortified products from outside the UK will lead to a further reduction in Ca intake.
The current epidemic of hip fractures in the UK costs the National Health Service about &600 million each year (Kanis & Pitt, 1992) ; therefore prevention of osteoporosis, its major cause, is an important health goal.
The main approach to the prevention of osteoporosis is to maximize peak bone mass (Stevenson et al. 1989) . Intake of dietary Ca in adolescence (Sandler et al. 1985; Matkovic et al. 1990; Murphy et al. 1994 ) and adulthood (Ramsdale et al. 1994 ) is a critical factor in the development of peak bone mass. The adolescent growth spurt has been reported to be the time of maximum requirement for Ca (Garn, 1972) . Studies have shown that intake of Ca by some British adolescents is inadequate (Department of Health, 1989; McNeill el al. 1991 ; Adamson et al. 1992) . The Committee on Medical Aspects of Food Policy report The Diets of British Schoolchildren (Department of Health, 1989) reported mean values for Ca intake, for the 10-1 1-year-old children from the North of England, of 830 mg/d and 710 mg/d for boys and girls respectively; these values are below the reference nutrient intakes (RNI) of 1000 and 800 mg for boys and girls respectively (Department of Health, 1991) .
In 1990 a nutritional survey of adolescents aged 11-12 years was carried out in Northumberland and the results were compared with those of a previous study carried out in 1980. The main findings have been published (Adamson et al. 1992) . Intake of Ca decreased between 1980 and 1990 and the mean daily intakes for both boys (786 mg/d) and girls (763 mg/d) were below the RNI. This finding is supported by that of McNeill et al. (1991) who reported mean intakes of Ca by 12-year-olds in Scotland which were below the RNI. if an increase in Ca intake is to be promoted it is important to have information on current dietary sources of Ca, to enable advice for change to build on existing dietary habits.
Existing reports of the dietary sources of Ca in British adolescent children are compiled from data over 10 years old. information on the diets of British schoolchildren collected in 1983 (Department of Health, 1989) found the major contributors to Ca intake to be milk (35 %), bread (1 1 %), cheese (9 %) and puddings (7 %). Hackett et al. (1984) , in the 1980 study of Northumbrian adolescents, found that the most important sources of dietary Ca were milk (49 %), Ca-fortified flour (1 6 %) and cheese (9 %). This study also found that Cafortification of flour made an important contribution to total Ca intake; without this contribution the proportion of children with Ca intakes below the recommended daily amount (RDA) of that time would have more than doubled.
Since 1942, all wheat flour (excluding wholemeal) has been fortified with CaCO, to a level between 94 and 154 mg Ca/100 g flour. This practice is mandatory in the UK and was initiated because of concern that food shortages of the war years, including the short supply of milk and cheese, would lead to the development of Ca deficiency in the population. Despite a Department of Health proposal in 1981 to curtail this practice (Department of Health and Social Security, 1981) , flour is still fortified today, yet no data exist to show the importance of flour fortification in the 1990s.
The present paper considers two issues : first, it reports the sources of Ca in the diets of Northumbrian adolescents surveyed in 1990 and second, it highlights the importance of the contribution from flour fortification to total Ca intake.
METHODS
Between January and July 1990 a dietary survey of 379 Northumbrian adolescents aged 11-12 years was carried out in south Northumberland, locations being chosen to give a representative range of social classes. All children aged 11-12 years attending seven middle schools in this locality were invited to participate. The method and main findings of this survey have been published (Adamson et al. 1992 ). Briefly, each child recorded (in a specially designed diary) all food eaten for three consecutive days on two separate occasions. The child recorded the time of consumption and estimates, in household measures, of the quantities eaten. On the fourth day each child was interviewed by a dietitian in order to clarify the information given. By questioning, with the aid of food models, a quantitative record of food intake was obtained (Hackett et al. 1983) ; colour photographs of the brands of selected foods were also available.
The food groups selected for the present analyses were as follows: (1) white bread; (2) wholemeal and brown bread ; (3) bakery items (excluding bread), including biscuits, cakes, crackers, crumpets and muffins; (4) sweet puddings; ( 5 ) yoghurts; (6) ice cream; (7) skimmed and semi-skimmed milk including that in tea and coffee and on cereal but excluding milk used as an ingredient; (8) whole milk, including that in tea and coffee and on cereal but excluding milk used as an ingredient; (9) cheese, excluding that in baked dishes ; (10) baked beans and vegetables, excluding potatoes; (1 1) chocolate, including fully coated biscuits, but excluding chocolate puddings and milk shakes; (12) milk shakes and hot milk drinks; (13) water, infusions of tea and coffee (excluding added milk) and soft drinks; (14) cheese and egg dishes, including quiches, pizza and macaroni cheese. The value of Ca content of water was 300 mg/l which was based on local information for the south Northumberland area.
Computerized food tables (Paul & Southgate, 1978; Tan et al. 1985; Holland et al. 1988 Holland et al. , 1989 together with purpose-written programs and Statistical Package for the Social Sciences (1986) were used to calculate the contributions of different food groups to total Ca intake. Analyses were carried out separately for each sex and by social class (Office of Population Censuses and Surveys, 1980) . The level of significance of differences between sexes was tested using the Mann-Whitney U test, and the statistical significance of social class trends was tested using parametric and non-parametric (Kruskal-Wallis) methods of ANOVA.
The value for Ca content of each food given in McCance and Widdowson's 'The Composition of Foods' (Paul & Southgate, 1978) was subdivided into naturally occurring Ca and Ca from flour fortification. The value for the level of flour fortification used was 1250 mg/kg white flour which is that used in McCance and Widdowson's 'The Composition ofFoods' (Paul & Southgate, 1978; Holland et al. 1991) and is based on the Breadand Flour Regulations (1984) (as cited by Holland et al. 1991) .
Where classification into naturally occurring Ca and Ca from fortification was not obvious, values were obtained by recipe inspection, and in some cases by food dissection. For example, chocolate-covered biscuits were dissected into chocolate and biscuit and each weighed, because the proportion of the product which was biscuit was required to calculate how much Ca was from fortification (89.7% of the Ca present in the biscuit component only).
Because the mean intake of Ca for each subject was based on only a small number of days, the observed distribution of intakes was more variable than the true one. By estimating components of variance the reliability (R) of the individual children's means could be calculated (Dunn, 1989 ) and used to find the standard deviation of the underlying distribution (Rugg-Gunn et al. 1987) . This was done for each sex/social class subgroup in the study so that adjusted estimates could be made of the proportion of subjects in each subgroup with an intake of total Ca or natural Ca below the dietary reference values (DRV; Department of Health, 1991). For the lower reference nutrient intake (LRNI) adjusted proportions will always be lower than those observed. In an attempt to minimize the effect of distributional assumptions, the observed proportion P,*,, falling below a DRV was adjusted, rather than fitting a particular distribution to all of the data. We assumed normality in the tails and obtained P,,, = @(W1(Ebs)/dR) where ' 3 is the cumulative normal distribution function. Typically the size of the adjustment made is comparable with the standard error of the estimate of the proportion.
For graphical comparison with the distribution assumed to calculate DRV we used lognormal distribution, which fitted the observed means well. For ANOVA we assumed normality of distributions; with the sample sizes involved and the small amount of skewness seen, this is justified by the central limit theorem, and when dealing with individual food groups avoids the problem of recording zeros for Ca intakes from particular sources. In any case the arithmetic mean intake is a more appropriate summary of intake than the geometric mean.
RESULTS
Of the 547 children invited to participate, 418 volunteered and 379 children (91% of volunteers) completed all aspects of the study; of these, 195 were girls and 184 were boys. The contributions of the food groups to the total Ca intake are presented in Tables 1 and  2 . Values are presented for each sex separately and for the group as a whole (Table 1) and by social class (Table 2) . Values represent the percentage contribution from each food group and the total Ca intake is given on the last line of the tables. Those subjects who did not fall into the defined social class criteria (n 56) were excluded from the analysis by social class, therefore the values reported in Table 2 refer to 323 subjects. Social class analysis took into account sex differences between social class groups. ANOVA was by sex accounting for social class; therefore, although the mean values presented in Table 1 are for 184 boys and 195 girls, the P values were calculated using the 323 subjects who fell into the defined social class criteria. The four most important sources of Ca, for the group as a whole, were: milk (excluding milk as an ingredient) (25 YO); beverages (12%); puddings (10%) and bread (9%). Cheese contributed 8 % of total Ca intake. When the beverages food group was subdivided into milk shakes/hot milk beverages and non-milk-based beverages, non-milk beverages (i.e. water, tea and coffee infusions) provided 8 YO of total Ca intake. Smaller contributions were provided by chocolate (5 YO), bakery items (5 YO), cheese and egg dishes (4 YO) and vegetables (3 "0). Only minor differences in rank order of importance of different food sources to total Ca intake existed between boys and girls (Table 1) . Boys obtained significantly more Ca from milk ( P < 00001) and girls obtained significantly more Ca from non-milk beverages ( P < 0.049). Girls also obtained more Ca from yoghurts ( P = 0.01) and cheese ( P = 0.036). Statistically significant social class trends were observed for percentage Table 3 
. Intake of calcium with and without the contribution fromflour fort$cation by 11-12year-old adolescents, calculated from the mean of 6 d per subject: analysis by sex and social class"
(Mean values with their standard errors) of Ca from skimmed and semi-skimmed milk (P = 0*02), puddings (P = 0*035), cheese and egg dishes ( P = 0015) and wholemeal bread ( P = 0.019) in the direction of a decreased contribution with decreasing social class group (high +lower). Food groups which showed an increasing contribution to total Ca intake with decreasing social class included full-fat milk (P = 0.012), white bread (P = 0.001) and chocolate (P = 0.01). Social class trends which did not quite reach statistical significance included a reduced contribution to Ca intake by non-milk beverages and yoghurts and an increased contribution to Ca intake by bread (all types) with decreasing social class. Mean daily intakes of total Ca, naturally occurring Ca and Ca from fortification are presented in Table 3 . For the group as a whole, Ca-fortification of flour contributed 13 O h of the total Ca intake. Fig. 1 compares the frequency distribution of total Ca intake and naturally occurring Ca intake for both the boys (a) and the girls (b) with the DRV curves, and illustrates the proportion of the study population that falls short of these guidelines. Removal of Ca supplied by fortification has a marked effect on the frequency distribution of intake, especially at the lower end of the distribution curve. The proportions of boys and girls with intakes of total and naturally occurring Ca below the DRV are presented in Table 4 . For total Ca, 2 of girls and 3 YO of boys were below the LRNI (the amount thought to be sufficient for only 2.5 YO of the population). These figures increased fourfold or more to 10 and 12% for girls and boys respectively, when the contribution of fortification was removed. Statistical analyses indicated no significant social class trend in the proportion of subjects from each social class group who had natural Ca intakes below the LRNI.
On the basis of the present findings, the average level of fortification necessary to bring 97.5 YO of subjects above the LRNI was calculated to be 2030 mg Ca/kg flour for boys and (--) and without (----) fortification. The continuous curve (-) is the normal distribution of requirements (Department of Health, 1991) and the solid arrows indicate (left to right) the lower reference nutrient intake, estimated average requirement and reference nutrient intake for calcium for this age group and sex. of subjects (adjusted data) 
with daily intakes of naturally occurring calcium and total calcium below the lower reference nutrient intake (LRNI), estimated average requirement (EAR) and reference nutrient intake ( R N I ) (Department of Health, 1991): analysis by sex and social class*

DISCUSSION
The present paper illustrates how, when comparing the distribution of intake of study populations to the dietary reference distribution, the theoretical average of the intake of each subject over an infinite number of days should be used and not the mean intake of the number of days studied. The potential error in using the observed data is illustrated in Fig. 2 which shows the distribution of total Ca intake in girls. The unadjusted proportion of girls with total Ca intake below the LRNI was 6 YO, compared with 2 % in the adjusted distribution, the value reported in Table 4 .
The aims of the present paper were to report the contributions of various food groups to total Ca intake and to investigate the contribution of Ca fortification of flour to total dietary Ca intake. The present analysis was subsidiary to a comprehensive investigation of diet and nutrient intake of Northumbrian adolescents (Adamson et al. 1992) . The validity and reliability of the dietary assessment method used have been discussed previously (Hackett et al. 1983; Adamson et al. 1992) .
Comparison between studies is complicated due to variation in food group definitions. With respect to the contribution of dairy products to Ca intake, the present findings are similar to those of McNeill et al. (1991) who, in a study of Scottish children, found that contributions from dairy products and eggs provided 49 % of Ca intake. T h s compares with the present study where the contributions from milk, milk shakes and hot beverages,
yoghurt, cheese, and cheese and egg dishes together provided 45 YO of Ca intake. The value obtained for the contribution of milk to Ca intake is much lower than that reported in The the 1980 survey showed that milk (including milk shakes and hot milk drinks) contributed 48 % to total Ca intake, which is greater than the value obtained in 1990 of 29 % for milk including milk shakes and hot milk drinks. Data from the National Food Surveys indicate a downward trend in milk consumption between 1983 and 1990 for the population as a whole from 4.43 to 3-82 pints/week (Ministry of Agriculture, Fisheries and Food, 1985 . It is possible that this decline may be greater in adolescents. This observation is of particular concern since it has recently been reported that frequent milk consumption before the age of 25 years positively influences hip bone mass in middle and older age (Murphy et al. 1994) . The observation that girls obtained significantly less Ca from milk than boys has been reported previously (Hackett et af. 1984; Department of Health, 1989) . Data from the present study have shown that this is to some extent compensated for by greater contributions of non-milk beverages, yoghurts and chocolate to total Ca intake. The contribution of non-milk beverages to total Ca intake was substantial and was largely due to Ca present in water. The contribution made by water to total Ca intake will show geographical variation according to the hardness of water. In the South Northumbrian area the water Ca concentration is 300 mg/l.
The contribution of cheese to total Ca intake seems to have changed very little over the period of 10 years. In the 1980 survey Hackett et al. (1984) reported that cheese contributed 9 % to total Ca intake.
The present study found that cheese contributed 8 % to total Ca intake which is the same as the value obtained in the Department of Health (1989) report of the diets of British schoolchildren.
In the present study the contribution made by bread to total Ca intake (9 YO) was below the figure reported in The Diets qf' British Schoolchildren (Department of Health, 1989) (1 1 YO) and the value reported by McNeill et al. (199 1) for Ca from bread (1 1 YO) .
Ca fortification of white flour accounted for 13% of total Ca intake. This value was lower than the value of 16 YO reported in the 1980 survey . A reduction in consumption of white bread may have contributed to this downward trend. Data from the two surveys show a fall in the consumption of white bread between 1980 and 1990 (A. Adamson, A. Rugg-Gunn, T. Butler and D. Appleton, unpublished results). This is in agreement with National Food Surveys which have shown a decreasing trend in the consumption of white bread during the past decade (Ministry of Agriculture, Fisheries and Food, 1985 . The fact that wholemeal breads are being promoted may account, in part, for the decrease in Ca intake that was observed between 1980 and 1990 (Adamson et al. 1992) . Wholemeal bread on average contains half the Ca of white bread (Holland et al. 1991) . This observation highlights the impact that changing one aspect of the diet has on another. If consumption of wholemeal breads is to be encouraged, advice to increase Ca consumption from other dietary sources is essential, especially in the lower social classes who obtain significantly more of their Ca from this source than the higher social classes.
The current guidelines for Ca intake in the UK are the DRV (Department of Health, 1991), which are age-and sex-specific. The estimated average requirements (EAR) for Ca were set using information on retention and absorption. The EAR is the amount of dietary Ca thought to provide for mean daily retention, assuming 40 % net absorption of Ca. The RNI are based on the EAR by adding two notional standard deviations, and are thought to be adequate for 97.5 YO of the population. The LRNI are set at two notional standard deviations below the EAR, and are thought to be adequate for only 2.5% of the population. These values are yardsticks by which the adequacy of intake of a given population can be judged.
The findings of the present study suggest that if flour fortification were to cease, the proportion of adolescents with intakes of Ca below the LRNI could increase at least fourfold to as great as 16 %. In the present study the detrimental effect of removing fortification on Ca intake was less obvious when intakes of natural Ca were compared to the upper end of the DRV range (RNI) and this is clearly illustrated in Fig. 1 . Although the proportion of subjects in each category who fell below the RNI was greater when the contribution of fortification was excluded, comparing the intakes of natural Ca to the RNI does not identify the population at risk. Comparison with the RNI alone may mask what is happening at the lower end of the intake range. This observation suggests that previous reports (eg. Ministry of Agriculture, Fisheries and Food, 1986) which have judged the adequacy of Ca intake, without and with fortification, by comparison with the RDA (Department of Health and Social Security, 1979), may have underestimated the adverse effect of removal of CaCo, from flour.
The UK is the only member of the European Union in which fortification of flour with Ca is mandatory. Data presented here would support strongly that this fortification is continued until such time that dietary intakes change to ensure an adequacy of naturallyoccurring Ca. With increasing free trade between countries of the European Union the consumption of unfortified flour-containing products from countries outside the UK is inevitable, and may lead to a further reduction in Ca intake of the UK population. In view of this, and the association between Ca intake and osteoporosis, nutrition health education aimed at promoting consumption of Ca-rich foods (preferably low-fat varieties) becomes an essential public health goal.
